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FOREWORD

The Subcommlttee on Radlochemlstry 1e one of a number of
subcommlttees working under the Commlittee on Nuclear Sclence
within the Natlonal Academy of Sclences - Natlonal Research
Council. Its members represent government, industrial, end
unlverslty laboratories in the areas of nuclear chemisgtry and
analytical chemlstry,

The Subcommlttee has concerned 1ltself with those areas of
nuclear sclence which inveolve the chemlet, such as the collec-
tlon and distribution of radlochemiceal procedures, the estab-
lishment of specifications for radlochemlcelly pure reagents,
avallability of cyclotron tlme for service irradlations, the
place of radlochemlistry in the undergraduate college progran,
ete.

This eerles of monographs has grown out of the need for
up-to-date compllations of radlochemical information and pro-
cedures. The Subcommittee hap endeavored to present a serles
which will be of maximum use to the working scilentist and
which contains the latest avallable informatlion. Each mono-
graph collects in one volume the pertlnent informatlon required
for radlochemliocal work wlth an indlvidual element or a group of
closely related elements.

An expert in the radlochemlstry of the particular element
has written the monograph, following a standard format developed
by the Subcommittee. The Atomlc Energy Commlssion has sponsored
the printing of the serles.

The Subcommittee 1s confldent these publications wlill be
useful not only to the radlochemlst but also to the research
worker 1n other flelds such as physlcs, blochemilsgtry or mediclne
who wishes to use radlochemlcal techniques to solve a specific
problem.

W. Wayne Meinke, Chalrman
Subcommittee on Radlochemistry
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INTRODUCTION

"Thls volume whlch deals wlth the radiochemistry of
rubldium 18 one of a serles of monographs on pradlochemlsatry
of the elements. There 1lg 1ncluded & review of the 'nuclear
and chemlcal features of partlicular intereat to the radlo-
chemist, a discusslon of problems of dlssolutlion of a sample
and counting technlques, and flnally, a collec¢tlon of radio-
chemlcal procedures for the element as found 1ln the literature.

The serles of monographs wlll cover all elements for
which radlochemlcal procedures are pertinent. Plans lnclude
revislon of the monograph perilodically as new techniques and-
procedures warrant. The reader 1s therefore encouraged: to
call to the attention of the author any published or unpub-
lished materlal on the radlochemlstry of rubidlum which might
be Ilncluded 1n a revlised verslion of the monograph.

ir
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1.

The Radiochemistry of Rubidium

G. W. LEDDICOTTE

Oak Ridge National Laboratory*
Oak Ridge, Tennessee

GENERAL REFERENCES ON THE INORGANIC AND ANALYTICAL CHEMISTRY OF

RUBIDIUM

1. Remy, H., Treatise on Inorganic Chemlstry, Volume I, Dp. 153-202,
Elsevier; Amsterdam (1956).

2. Kleinberg, J., Argersinger, W. J., Jr., and Griewold, E., Inor [
Chemistry, Heath, Boston (1960).

3. Hillebrand, W. F., Lundell, G. E. F., Bright, H. A., and Hoffman,
J. L., Applied Inorganic Anmalysis, John Wiley and Sons, New York,
1958. )

L. wilson, C. L., and Wilson, D. W., Comprehensive Analytical Chem-
istry, Elsevier, Amsterdam, 1959. i

5. 8Sienko, M. J., and Plane, R. A., Chemlstry, McGraw-Hill, New York,
1957.

6. Charlot, G., and Bezler, D., Quantitative Inorganic Analysis, John
Wiley and Sons, New York, 1957.

7. B8idgwick, N. V., The Chemical Elements and Thelr Compounds,

Universlty Press, Oxford, 1951.

RADIOACTIVE NUCLIDES OF RUBIDIUM

The radiocactive nuclides of rubidium that are of interest in the

radiochemistry of rubidium are gilven in Table I. This table has been

complled from information appearing in reports by Strominger, et al., (1)

and by Hughes and Harvey.(a)

Operated for U. S. Atomle Energy Commission by Union Carbide Corporation.



III. THE CHEMISTRY OF RUBIDIUM AND ITS APPLICATIORN TO THE RADIOCHEMISTHRY
OF THE RUBIDIUM RADIONUCLIDES :

Radiochemigtry is probsbly best described as being an analyais tech-
nigue used primarily either (1) to assist in obtaining a pure radiomuclide
in some form so that an absolute measurement of 1ts radicactivity, radia-
tion energles and half-life can be made, or (2) to determine the amount
of a particular radiocelement in a radlonuclide mixture, or (3) to complete
a radiocactivation snalysis being used to determine the concentrati_on of a
specific stable element in e perticular sample material. ' In order to be
an ald in accomplishing any one of the above interests, radiochemistry
usually considers the isolatlon of the desired radionuclide by either

carrier or carrier-free separation methods.

Generally, carrier methods are used most frequently in radiochemistry.
They involve the addition of a small amount of lnactive stable element to a
golution of the irradiated material to serve as a carrier of the radilo-
nuclide of that element through the separation method. In carrler-free
seﬁa.ra.tions , l.e., radiochemical téch.uiques used mostly for sbsolute radio-
activity measuremenfs , it 18 required that the radioelement be isolated in
a mannér capable of giving elther no amount or a minimal amount of stable
element in the finsl form to be used in the radlocactive measurements.

In most instances, enalytical rsdiochemistry is dependent upon more
conventional ideas in analytical chemistry involving separations by such
methods as precipitation, solvent extraction, chromatography, volatiliza-
tion, and/or electz;olyais and the subsequent presentation of the isclated
radioelement in a form su:l.ﬁa‘ble for a measurement of the radiocelement's
radiocactivity. One major difference exlsts between carrier maiochemistry
and more conventional techniques in that 1t is not always necessary to re-
cover completely the added amount of carrler element, since e radiochemical
ana]jrsi_s 1s designed to assure that the atoms of a radloactive element
achieve an isotopilc _state with the atoms of the imactive element, and any
loss of the radiloactive specles is proportional to the "loss" of carrier
during the separation process.

Colorimetric, polarographic, and simlilar analysis techniques are seldom



used in radiochemistry, because they do not separate the desired radionuclide
from contamlnants (elther redicactive or steble) in the mixture being analyzed.
However, some of the developments used in these analysis techniques may

be useful in radiochemistry.

TABLE I

THE RADIQACTIVE NUCLIDES OF RUBIDIUM

Redlo- Half- Mode of Energy of
nuclide 1life Decay  Radiation, Mev Produced by
Aol 47hn EC, 85 B 0.99 Br-g-2u
y: 0.95 ebs
RO 1 o5nm gt Daughter 8ro2
Fp02 6.3n EC, 7 g*: 0.775, 0.175 Br-o-n, Kr-d-2n
y: 0.188, 0.248,
0.322, 0.390,
0.690, 1.31k4,
0.k423, 0.465,
0.558, 0.610,
0.768, 0.818,
1.02, 1.L6k
O3 83a  EC y: 0.45, 0.15 Br-o-2n
Rbahm 23m IT, EC y: 0.463, 0.239, Br-o-n, Eb-n-2n
0.890
ot 34 a Ec, gt, B 1.629, 0.822, Br-o-n, Kr-c-pn,
B 0.373 Hb-n-2n, Sr-d-c
y: 0.890
wS™® 0,9x IT y: 0.513 Daughter 8ro7
10-6 sec. ’
m:e’ém 0.99m IT, EC y: 0.57, 0.78 Rb-n-y, Rb-n-2n
A6 19.54 @ p™: 1.82, 0.72 Rb-n-y, Rb-y-n, Sr-d-q,
y: 1.076 Fission .U
e 6.0x B B: 0.275 Fission U,
1010 y Parent Srol
R0 17.8m g g": 5.3, 3.6, 2.5 Eb-n-y
y: 2.8, 1.86, 0.90 Fission Th-U-Pa
Daughter
o 15.%m @ g1 4.5 abs Fission U
X 2.7hm @ B: 5.7 abs Fisgion U
mt 1.6Tm B B k.6 abs Figgion U
ot 1 m B £ : 3.0 abs Figgion U
o2 80 s B Flssion U
o3 Short 3 Fiseion U
o Short g™ Fission U
Rb7? Short g Fission U
ol Short B U

Figaion



The information that follows gensrally describes the chemical behavior
of rubldium and its compounds. Many of these reactlons have been used or:
can be used in devising radiochemical analysis methods for the rubidium
radiomuclides. More detailled information on the inorganic and amalytical
cherdgtry of rubjdium can be obtained either from the references cited in
this section or from the gensral references given in Section I of this

monograph.

A. The Ganeral Chemistry of Rubidium

Rubiditm occurs only in mimite amounts accompanying the other alkali
metals.(3) Iepidolite ores can contain as mich as 1% rubldium; carnallite
contains about 0.015%.

Metallic rubidium is best prepared by chemical methods involving elther
the heating of its hydroxide with metallic msgnesium in a current of hydrogen
or with metallic caleium in a ncmm.(h) Small amounts of rubldium metal
‘can also be formed by heating the chloride campounds, mixed with barium azide,

in & vacuum.

1. Metallic Rubidium

Rubidium metal is a soft, silver-vhite metal having a density of 1.52.
Tt vill melt at 39° C and has a boiling point of 696° C.-

Rubidium will tarnish in air, and it will react vigorously with water.
Tt 1is easily dissolved . in 1iquid ammonis, . Rubldium amide, FbHH,, can be
formed if ammonia gas 1s passed over molten rubidium metal. Rubidium also

reacts directly v:l.th 'n:l.t:rogan, and 1t-w1.1.1. ignite upon exposure to oxysmen.

2. The Chemical Compounds of Rubidium

Rubidium, 1ike all the other alkali metals, has only a +l adldation
state. TIts chniealpropeﬁiumsiﬂj,artothoeeofthaotherﬂhu
motals. It will react with ‘carbon dioxlide, hydrogen, oxygen, nitrogenm,
sulfur, apd the halogens. The reactions of rubidium with these and other
elemsnts 1s presanted in some detail below. 'I'e.'ble"II shows the solubility
of many of the rubidium cospounds in water and other reagents.



Table IT. Bolubility of Rubidium Campounds

Vater Bolubllity .
_Othar Solvents

E
L

Eromidas 987 209.2113.3 Blightly scluble in asetons)
: inscluble im aloochal
RuEr0, 2.952% 5.08%0
HbBry
Chlaride oL ™™ a.e® 1389190 0.08% alochol) very slihtly solmbls o
in Hy) insolubls in aleohol
mg, 519, €2.5100
HRC10} 0.3 18100 Insoluble in aloobol
Flooridss R 130.618 Baluble in dilute HF) insolmble in
alookal, ether sl My -
‘2123
Iodides HbIDy g:L o Yery soluble in HCL
BT 1ml? Very solubls 0.674%5 wostoue
Ebly Soluble
Fltrates N0y 34020 A5l Very soluble BNO3) saldbie 1n asovone
Oxldss Rbp Boluble; Bolubls;
Decamposes Decasposes
lbzoe Dacamposes o
EME + HeOp
. Soluble)
M’ Deccxposes
R0, Decomposes to
BHOE + B g + Og
Carbeonates 1.!!:»21303 Very soluble Very solible
Bulfides ol Very soluble Very solutls
HbgBg
Ho Ay,
!’beaj Dectxposes Decanposes Boluble T0$ alecohol) insoluble in
athar and chloroform
gl .
Sulfates o950, Yary solubla Very sclubls
Phosphates H:al’ou, eta. Very soluble Vary soluble

a. Rubldlum Hydride, HbH. Rubidlum combines directly with hydrogen
on heating to form RbH. It is less stable than Id.ﬁ, -@ :‘i.ts col&rlesa
crystals decompose rapidly on heating and vigorously reacts with water to
produce hydrogen gas. .

b. The Oxides of Rubidium. Rubidium oxide, Rb20, can be produced by

heating rubidium nitrite with rubldium azide, in the absence of air. .If

rubldium metal 1s burned in oxygen, rubldium dioxide, FbO,, will be formed.

Hb02 1s readily fusible, and 1t can glve up 1ts oxygen %o an oxidigzable
substance when heated.

c. Rubidium Hxiroxlde, RbOH. Rubidium hydroxide can be prepared either

by the electrolysis of equeous rubidium chloride, RbCl, solutions or by

reacting szsoh with barium hydroxide. RbOH is highly deliquescent, and it
is very soluble in water end alcohol. Its chemical behavior is similar to

that of potassium hydroxide, XOH. It forms strong basic solutions, and it



can be readily volatilized when strongly heated.

d. The Nitrogen Compounds. Rubidium can react with nitrogen in an

electric discharge tube to form either rubidium nitride, R'b3N, or rubidium

azide, EbN These salts are highly colored, and théy can be rapidly decom~

3°
posed by water or alechol to produce HbOH and NHB'

Rubidium nitrate, RbN03, is isomorphous with potassium nitrate, KNOa.
It is more soluble in hot water than in cold, and it will form eddition -
compounds with HNO3 that have similar compositlons and. behavior as those

formed by KNO, in 1ts reactioms wilth nitric acid.

3
e. The Sulfide and Sulfate Compounds. Rubidium will react with

sulfur in varylng amounts to form e series of sulfide compounds, e.g.,
R'bas, R'b282, R'b283, Rb285, Rb236. Most of the sulfide compounds are solu-
ble,or will decompose 1n water or alcohol.

Rubidium sulfate, Rbasoh, is isomorphous with potassium sulfate, Kesoh.

Its melting point is at 10"{11-o C, and 1t will form mixed salts with sulfates
of aluminum, iron, and the bivalent metsls, Most of the sulfate compounds

are soluble in water. Rubidium bisulfate, R'bHSOh_, can be produced by

heating a mixture of Rb,S0, and Ezsou. RbHSO) will dissolve in water to
glve an acidic solution.

f. The Halogen Compounds of Rubidium. Rubidjum fluoride, RbF, can

be obtained by neutralizing hydrofluoric acid with RbOH. Rubidium chloride,

RbCl, can be obteined by a neutralization of ‘the carbonates or by an ignltion
of the chloroplatinates. If a hot solution is treated with bromine or iodinme,

rubidium bromide, RbBr, &nd rubidium lodide, Rb, can be produced. All of the

rubidium halide salts are completely ionized end are readily soluble in water

at room temperature.

Rubldium chlorate, Rb0103, or rubidium perchlorate, RbCth, are salts.
of the oxygen acids of the halogens. They can be prepared in the same manner
as the potassium salts.

g. The Phoephate Comgound_s of Rubidium. HRubidium hydroxide, 1like

potassium hydroxdde, cen also enter into reaction with H3PO,+ to form

various phosphate compounds, chief of which is Rb Poh. The phosphate

3
compounds are very soluble in water, and their agqueoue solutions vary in



thelr acidity and. alkalinity. Kb P°l|. is stable toward heat.

3
h. The Carbonate Compounds. Rubidium carbonsate, szcoa, 1s prepared

by treating Rbgsoh. with barium hydroxide and evaporating with ammonium

carbonate. Rubidium hydrogen carbonate, RbHCO3, 15 produced either by

passing carbon dioxide gas into a saturated solution of Rb2003 or by
paseing carbon dloxide over a mixture of szsoll. and charcoal. Rb2003

and R‘le:lO3 solutions are alkaline because of. the basic action of 003" ions

3
i. Other Rubidium Compounds. Permangmnete, R'anOh_; chromate, R'bzcroh_;

and the slight hydrolysis of the HCO_, ioms.

dichromate, Rb20r207; hexachloroplatinate, Rb,PtClg; alum, RbAl(SOll_)z-lZHzO;

and hydrogen tartrate, RbH(Cll-Hll-o6) , compounds of rubidium are known. All

of these compounds are formed from similer chemical reactions used to form
the corresponding potassium salts. Thelr reactions with other chemical

agents are very similar to those for the potasslium salts.

B. The Analytical Chemistry of Rubidium

Rubldium can be determined gravimetrically as RbCl, R'bCth, R'besoh_, or
R'b2_(IE"l:Cls).(5 ) An alccholic solution of tin chloride has also been mixed
with a concentrated HCl solution of RbCl to produce the hexachlorostamnate
compound, Rb2(8n016). (6) _D:Lpicryla.mine has also been used to produce the
compound , (N02).3(36H2',NRb'06H2(N02)3. 6-chloro-5-nitro-m-toluene sulfonic
acld will produce the sulfonete compound, CHS'C6H2(Cl) (N02)SO3Rb(7)

Duval_,w) in his pyrolysis studies, has shown that these compounds are
sulteble for the gravimetric determination.of rubidium. Thus, these com-
pounds can also be used in the rediochemical enalysis of s_ample materials
for the radiocective rubidium .isotopes.

The lsoletion end sepai'a.‘bion of rubidium from other elements has been
completed by such enalyticel technlques as precipitation, solvent extraction,
and chromatography. These separation methods can generally be described as
follows:

1. Separations By Precipitation. Rubidium and the other elkeldl

elements (sodium, lithium, potessium, end cesium) can be best separated

from other elements by the methods of BerzeJJ.us(s) and Smith. (9) The



(8) (10-12)

Berzellus method and 1tes modifications uses mixtﬁ.res of
HF-HC10),-H580), to decompose the materials a.m:l then converts the .a.lka.li
sulfates to chlorides for the finsl precipitation of e..suitable rubidium
compou.nd.(s-?) Bmith's method(g) and 1ts modiﬁcations(lz-lh) decomposes
the rubldium-bearing material by heating it in a mixture of calcium car-
bonate and ammonium chloride. COo and NH3 are glven off and the mixture
reduces to lime end calcium chloride. Continued heating in this mixture
converts most of the metals to low-solubllity oxddes while the caleium .
chloride sinters the mass. After cooling, the mess can be extracted with
water; ell of the alkali metals a.nd. a smell portion of the calclum extract
as chlorldes. The calcium is removed froﬁ the mixture by precipltating it
with ammonium cerbonate and oxalate. Followlng filtration, the soluble
rubidium (a.nd' other alkeli metal) salts ca.n. then be converted to a sultable
gravimetric compou.nd.(s"r)
Barium, strontium, magneslum, borates, sulfates, and phosphates will
interfere in elther of these methods for the (Zietemins.tion of rubidium and
the other alkall metals. The removel of calcium by an ammonlum carbonate
and oxalate precipitation also relﬁoves barium and strontium.(ls ) Magnesium
cen be separated either by a precipitation of magnesium ammonium phosphate(ls)
or magnesium ox'i_nate.(17) Borates can be volatilized from the chloride
solution as methyl borates by adding methyl alecohol to the solution and
evaporating the mixture to dr_v'ness.(lS) Sulfate lone can be reﬁ:mred from
the solution as 'Basoh_ by edding barium chloride solution to the chlorilde
mbcture;'(15) the excess barium can be removed b-y e precipitatlion with
ammonlum car'bonate.(IS) Precipitations, elther with zine ca.rbonate(ls) or

(15)

with an FeCl_, solution at a controlled pH, wlll remove phosphates.

3
4 Rubldium may be separated from sodium and lithium by a precipitation
as chloroplatinate or as. perchloren.‘l'.e.(5 )_ In the chloroplatinate method,
the sodium and lithium chloroplatinates and the precipitating agent,
E,PtCl;, are soluble in 80% ethyl alcohol and can be easily separated from
the . insoluble RbePt.Cls. Several extractions of the chloropletinate salte

may be necessary to remove ell of the lithium. Idthium chloroplatinate



can also be used as the precipitating agent.(lg) Potassium and cesium

also form insoluble chloroplatinates and will interfere in this sepa;ation.

If the chloroplatinates are precipitated from a nitrate solution with

H,PtCl,, rubidium (end X end Cs) can be separated from large amounts of

sodium, iron, aluminum, manganese, and other salts.(ao) Quantitative

separation of rubidium (and K and Cs) from the same elements can also be-
obtained by dissolving the chloroplgtinates obtalned by an H2Pt016 precipitation
from a chloride solution in 60-T0% alcohol and a few drops of ethyl ether.‘?o)
In the perchlorate msthod,(s) butyl alcohol - ethyl acetate and ethyl

alcohol-0.2% HCth mixtures have been used to extract the soluble sodium
(end 1ithium) perchlorates from the insoluble perchlorate selts of K+1, Rb+1,

Ca+l, NHh+l, and Tl+1. Sulfate lons must be absent because sodium sulfate

is also 1nsoluble in the solvents used for the extraction. Magnesium,
the alkeline earths, nitretes, and phosphates do not interfere in the
perchlorate method. .

Rubidium can be separated from sodium, lithium, and many other elements

by the trisodium cobaltinitrite method.(21-28) 1 P, cett v gt
Sb+3, Bi+3, and Sn+4 interfere in this method. Rubldium can also be

2

seperated from large amounts of sodium by satﬁrating an acid solutlion with
gaseous hydrochloric acid(15) to produce NaCl.

Rubidium (and cesium) can be separated from potassium by precipitating
them from e dilute HNO3 solution with 9-phosphomolybdic acid.(20’29)
Rubidium, potassium, and ceslum can be separated from sodium and lithium
by a chloroplatinic acid precipitation,(20’3o'32) converted to the chlorides
and the potessium separated by extracting the chloride mixture with absolute-
elconol333%) soturated with hydrochloric mcid gas. The rubldium and
cesium chlorides are insoluble in this mixture. However, this method is a
rather long and tedious one and it 18 sometimes necessary to re-extract the
chlorides 1ln order to remove all of the KCl. Depending upon the concentra-
tions of all three elements, each element can interfere in the determination

of the others.

2. Separation By Electrolysis. Although the alkall metals cannot

be geparated from solution by electrodeposition, thelr separation from other



elements can be effected by electrolysie with a mefcury'cathode at a controlled
potential.(35) The alkali metals and the alkaline earth metals can

be left 1n solution, while elements such as copper, caémium, iron, cobalt,
nickel, and zlnc are deposited on the cethode. Specific aeparations'of

the metal, in this Instance, rubidium, would have to be made from the

electrolyzed solution.

3. Solvent Extractlon Separations. Bock and Hoppe(as) have

shown that the polylodides of the alkali metale can be extracted with
nitromethane. Their distribution ratlos increase in the order ILi < Na <
K < Fb < Cs and are dependent upon the amount of free lodine added to the
system.

Rubidium (end cesium) cen be quantitatively extracted from a sodium
tetraphenylboride, NaB(cSﬁS)h’ solution into nitfobenzene.(37) The use
of 80% ethyl alcohol(19’20’30-32) to separate insoluble potassium (and Rb
and Cs) chloroplatinates has already been reviewed above. Similarly, the
use of butyl alcohol - ethyl acetate or ethyl alcohol - 0.2% HClOu mixtures
inseparating the alkali perchlorates has glready been diacussed.(B) Addi-

tional information on this separation is glven elsewhere.(38-h2)

L. Chromatography Separations.
a. With Ton Exchenge Resins. Cohn and Kobn''3) have used & Dowex-50

resin column and 0.15 N HC1 as the eluate +to separate Kb from Na, K, and
Cs. Beukenkemp and Rieman(hh) have also used Dowex-50 resin columns to
separate Fb from the other alkells. The separation was effected by using

0.70 ¥ HCl as the eluant. Brooksbank, et al.,(h5) and Kayas(h6)

have
separated Fb from Na, K, and Cs by use of an Amberlite. TR-100 resin colume.
Na and K were eluted from the column with 0.1 N HCl and Rb separated from

(47,18) in his studles on the preparation of KCl,

Cs with 1 N HCl. Kalkihans,
has also used a cation resin column to separate rubidiim from large
amounts of KCl. Rubidium has also been separated from the other alkalil
metals contained in insoluble silicates by an ion exchange method.(ug)
Lithium and sodium compléexes of the chelating agent, ethylenediamine-

tetraacetic acid, EDTA, cen be separated from Rb, K, and'Cs, and from each
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other, by eluting an anion resin column of Dowex-1l (4% crosslinkage) with

0.13 M EDTA aolution.(so)

. b. By Paper Chromatography. A paper chromatographic technique

using phencl saturated with 2 N HC1 'has been used for the purification of
ra.d_ioa.ctivc_a Rb86 from other rsu.d.1.oelemen‘f:.i;..(5 1) The rate of Rb+l movement
upon & paper chromatogram has also been studied for solvent systems such

as dipicrylamine in Na,CO solution, (72) alcohols in mca, (53, 54) alechols

. 3 .
in mwo3,(55) ketones in Hci,(f’_s) butano1-#Br, °7) and phemol. (%)

Rubidium has been separated from K and Cs by use of solvents composed
of either conc. HCl-methenol-n-butanol-iscbutylmethyl keﬁ'one, (58) or phenol
‘saturated with 2 N.ECL. (°%) The alkall acetates can also be separated by
paper chromtomphy using ethanol-2N acetic acid es a solvent.(6o).
Pﬁpa_nol—mefha.nol mixtures as solvents have also been used to separate
‘alkali hydroxide, citrate, and sulphate mixtures, (61763 '

Riubidium (and cesium) have been 'se'para.ted ffom potassium by using cone.’
-HCl-metha.ﬁol-n—buta.nol—iso‘butylmeth;yl ketone as‘a solvent(&) and by phenol
saturated with 2 N HC1. (65-)_

In an electrolytic method, involving the placing of the paper chroma-
togram'sprayed ﬂth phenolphthalien between two graphite electrodes for 5
seconds at a voltage of 6 voi‘bs, Kume, et ala,(66) have shown that Fb could

be' separated from the other alkali metals.

IV. DISSOLUTIOR OF SAMPLES CONTATINING RUBIDIUM
Most of the snalytical methods used in determining rubldium end the

other elkall metals reéquire that they be. collected as the chlorides. Most
of the -rubldium salts ere readily soluble in water or dilute acid; inoét-
metals and alloys contelning rubidium can be put into solution with acids
such as HC1l, HNOs, HF, or a combinatlon of these aéid.s. ' .

~ Some rocks end minerals are soluble in HCl. However, when Ithe rock or
miheral 18 mot acld solible, elther the Berzelius method.(s) or the Smith
netnod'®) can be used to dissolve the sample. In the Berzelius method'S)
the rock 1s attacked with EF and H,80) and the excess fluo.rine and silicon

removed by a distilletion, followed by a removal of all metdals except the

11



alkalies. The slkall sulfs;tes are then converted to chlorides. In the
Smith method, (9) the powdered rock is heated with a mixture of emmonium
chloride and calcium carbonate. Under these conditlons, the alkall metals
are converted to chlorides which cen be extracted by water.

S8oils can be decqmposed by treatments with ammonium acetete, HC1,

(67,68)

and aqua regla, or by leachinge with either HNOz, (69) HC1-HF, (70)

and HgBOl,_.(Tl) Blological materiels, such &s tissues, body flulds, vege-
tation, etc., can be decomposed, with HC1l, HNO3, HNO3~HpSO0L4, or HNOz-HC1O)
mixtures.(GT’ 66) '

If any of these dlspolution techniques are used in a radiochemical
geparation of t.he rubidium rediomuclides, the addition of inactive rubidium
carrier to the mixt:ure_ before decomposition begins would greetly asslst .in
echleving an lsotoplc exchange between the rajloective and inactive rubidium
atoms. The excha.nge_should. be repld and complete, since rubidium exists in

only one oxldetion state.

V. SAFETY PRACTICES

The solubilization and the proceassing of any materisl by chemical
means inherently can bé hazardous. In any snalysis for an alkali metal,
1t should be noted that some of the ipactive alkali metal compounds can
be extremely toxlc and should be treated ca.refﬁlly. Likewlse, some of
the reagents used ln decomposing a sample and cdmpleting an analysis can
be harmful. Thus, aedequate safety precautlons should be followed in
processing any sample meterial. Pie_ters and Creyghton'e manual(Ta) on
safe laboratory practices, as well as others on leboratory safety, should
be coneulted before any analysis is undertaken.

The processing of a ra.dj__oactive material 1n a laboratory area greatly
magnifies the needs for sa.f_e hbémtory practices. If radioactivity 1s
discharged into = laboratory area by evolution or splllege, hazardous
condition.s_ for personnel end widesprea.t_i_ contamination can result. Safety
practices followed in the processing of radiocective ma.te:_-:!_.ala appear in
such sources as the Oak Ridge National Iaboratory's Master Analj-tica.l

Manua.l(73) and in the Internmational Atomlc Energy Agency's publication,
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entitled, "Safe-Handling of Radioisotopea."(7h) Many other similar sources

of information exist and should be consulted.

VI. COUNTING TECHNIQUES FOR THE RADIOACTIVE RUBIDIUM ISOTOPES

The nuclear characteristics of the radiocactive isotopes of rubidium
are summarized in Table I of thls monograph. Rubidium has a neturally
occurring rediocactive isotope, Rb87. Rb87 decays with half-life of 6 x 10lo
years,

Rubidium radiocisotopee most frequently meagured are Rb86 (19.5 4)
and Rb88 (17.8 m). Counting techniques such as Gelger-Mueller counting,
proportional counting, or gemma scintillation spectrometrw(75'79) are
used 1n measuring the radioactivity of these radioisotoﬁes. Generally,
e sample material mast be processed radiochemically before any of these
radioactivity measurements can be made. However, 1t should be possible
to determine eilther of these rubldium isotopes by a nondestructive

gamma sclntillation spectrometry method.(79)

VII. COLLECTION OF DETAILED RADIOCHEMICAL PROCEDURES FOR RUBIDIUM RADIONUCLIDES
The radiochemical procedures that now exist for the determination of

the rubidium radionuclides heve evolved from ldeas and technigues similer

to those reported_in_Section IIT of this monograph and reflect on the

requirements of each investigation that has been undertaken. Both carrier-

free and carrier separation techniques have been employed.

An lon-exchange method has provided carrler-free rubidium radiocactive
(45)

tracer. The solvent extraction separationse, as well as the chromatography

methods reported in Section III above, suggest possible carrier-free separa-
tions for the radiocactive rubidium isotopes.

Carrier methods have also beéen used in the preparation of radicactive

(80)

rubidium tracers and separating them from fission producﬁs.(sl) In-

addition, cerrier methods of radiochemical anslysie have been used to deter-
mine rubidium by radiocactivation apalysis.(82’83) The procedures that have

been used in the radioactivation analysis determination of trace rubidium

(8k,85) (86) (87,88)

meteorites,(87) minerala,
(50)

vegetation,(sh) alkall metals,
(45,84)

in water,

rocks,(87’89) alkali metal salts, sodium-potassium alloys,
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and sea weter (89,91) are glven :Ln some detall ln thils section.

Bach radiochemical procedures that follows gives information about
the procedure's use, type of nuclear bomba.fdment, typg material analyzed,
'eepa.ra.ti-on time, etc. . In addition, available information regarding the
eagse with which the rubldlium lsotopes Ca.n be separated from other Ira.d.io-

activities 1s presented.

PROCEDURE 1
Procedure Used In: Radiocactlvation analysis
Method: Ion-Exchange (carrier-free separation)
Element Sejamted:- Rb86 (19.5 4)

Type Materiel Analyred: Alkali éa.rbonates and chlorides,(hs ,8k) weter, (8k)
(84)
and vegetation.

Type Nuclear Bombardment: Rbes(n,'i)Kbaé_

Procedure By: Brooksbank and Iﬁacldicot.te.(l‘t5 ) (Reported 1n detail by
Leddicotte (84 : :

Separation Time: Several hours

Chemical Yield of Carrier: A carrier-free separation
Decontamination: Excellent from radiomuclides of Ne, K, and Cs.
Equlpment Required: Ion exchange columns '
Procedure:

A. Irradietion of Sample Meterial .

1. Trrediate known amounts of test (Note 1) and comparator semples (Note 2)
in a neutron flux of at least 6.5 x 101t r:,/aec/cm2 for 16 hours. or longer (Note 3).
Prepare the test and comparator samples for the irradiatlion either by w.rapping
each specimen_in é.luminum foil or plecing 1t in a quartz a.m]ioule. If the
sample is a liquid, small polyethylene bottles can be used to contain the

sample during the irradiation (Note b).

B. Preparation of Irradlated Materilels for Analysis.'

I. The Comparator Sample. -

1. After the irradiation, quantitatively transfer the comparetor sample

(Note 2) to & 100-ml volumetric flask. Dissolve the sample in a small measured
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PROCEDURE 1 (Continued)

volupe of disfi].led water; then dilute the solution to 100 ml with vater. Mix
the solutioz-1 thoroughly by sha.kiné it carefully. . ‘
2. By means of a l-ml volumetric pipet, transfer an aliquot to a
._Beéond 100-ml volumetric flask; then dilute the aliquot to 100 ml with watér.
3. Shake the solu'i:ion thoroughly; then pipet an éJ.iqu.ot of this solution
directly to the top of the ion-exchange column (Notes 5 a.nd 6). Then proceed
in the manner descri;bed below in Step 1 éf Part C, l

IT. Solid Test Samples

1. If the semple is a aolid, quantitatively transfer the.test portion
into a 50-ml glass centrifuge tube, and then add dropwiase to the same centri- -
fuge tube enough concentrated HCi to completely dissolve the sample. If.
necessary, heat the mixture to dissolve the sample. Transfer the solution’ )
of the irradiated sample to the top of the lon-exchange columm (Notes 5 and 6).
Then continue with Sfep 1 of Part C below. l

III. Liquid Test Samples

1. Pilpet an allquot of the irradiated test portion directly on to the
top of the ion-exchange. column (Notes 5 and 6); _then continue with Step 1

of Part C below.

C. Ion Exchange Separation of Rubidium

1. Connect the ion-exchange column to a- reservolr (Note 7) that contains
a sup,pl.y of 0.1 M HCl. Adjust the flow rate so t'hat.the eluate flows from the
colun_ln.at the rate of 1.ml per minute. . _ '

2. Continue the flow of the 0.1 M HC1 throuéh the columm and collect and
discard the first 400 ml of eluate that passes through the coluﬁm (_thé 8).
3. Collect the next 500 ml of eluate and discard (Note 9).

k. Collect the next 700 ml of €luate and discard (Note 10).

5. Allov the .flow of the eiuafe ‘to continue until an additional 800 ml
has been éoliected. in a new collection vessel (or series of beakers). Process
this fraction of the eluate as instructed in Step 1 of Part D below.

6. If cesium 1s not to be detérm:!.ned,' stop the fI_Low' of eluate from

the column after this collectlon (Note 11).
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PROCEDURE 1 (Continued)

D. Preparation of Rb86 Eluate For Radioactivity Assay

1. Evaporate'to dryness the solutlon that was collected in Step 5 of
Part C ebove, Add 1 to 2 ml of conc. HCl to the beaker, and then wash the
solution into & 10-ml volumetric flask. Rinse the beaker with small portions

of H20, transfer the rinsings to the flask, and dilute the solution to volume.

Assay the solutlon for Rb86 radiocactivity as instructed in Part E below.

E. Measurement of Rb86 Radiocactivity and Cglculation of

Stable Rubidium Content of Teat Sample

1. The Rb86 radicactivity in both the test and comparator samples may be

assayed by beta or gamme counting. Use a Gelger-Mueller counter for the beta
measurements and a gamma scintiliation counter for the gamma measureﬁents
(Note 12).

2. Followlng the radioactivity meesurements, correct the observed Rb86
radioactivity for decay (Note 13), dilution volume(s), and the sample welghts
(or volumes) of both the test 5nd comparator samples. A simple ratlio of these
corrected radioactivities becomes a measurement of the smount of stable
rubldium in the test sample:

Corrected Rb86 radicactivity in Test Sample X 100
86

Corrected Rb  radioectivity in Comperator Sample

% Rb in Test Sample =

l. Use at ieast 0.1-0.2 gram portionms.

2. Use from 0.025 to 0.030 gram of rubldium carbonate.

3. The limits of measurement for this procedure is about 0.05 miérograms
of rubidium. .

4, Thie type of sample will have to be irradiated in an air-cooled or
water-cooled facllity of the reactor.

5. The jon exchange column i1s composed of 100- to 120-mesh IR-1 (or Ir-100)
resin packed into a glass column 1 cm in dlameter end 100 cm long. A smell
glass wool plug at the base of the column holds the resin in the column. The

resin is pretreated with a solution of 0.1 M HCl. The treatment consists of
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PROCEDURE 1 (Continued)

passing the 0.1 M HC1 solution 6ver the columm until the desired molarity
(0.1 M) 1s obtained.

.6. The transfer may be made by use of a volumetric pipet.l If 1t 1s
necessary to rinse the pipet, use 0.1 M HCl as the rinse liquid. In transfer-
ring the radiocactive solution on.to the column, exercise care in delivering
the solution from the pipet so that the resin at the top of the column will
not be disturbed.

T. A dispensing bottle of at least 3-liter capacity is sultable for use
as a reservolir. . Tygon or rubber tubing may be used to comnevt the reservolir
to the column.

8. This solution may contain ra.d:l.ogctive apionic constituents as well ams
geparated I‘Ia2l1l (15 h) radioactivity; the presence of these should not be con-
fused with Kll2 or Rb86 whichare eluted later.

9. This particular procedure 1s designed to separate Na, K, Fb, and Cs
in alkali cerbonates and chlorides. This fraction will contain maalL (15 1),
and it can be processed for the amount of stable sodium in the sample, if a
sodium coﬁparator sample has been used in the irradiation.

10. This fraction will contain Kl"2 (12.8 n), and it can be processed
for the amount of stable potessium in the sample, 1f a potassium comparator
sample has been used in the irradiation.

11l. If Cs is to be determined, continue as follows: Strip the column
with at least 1 N HC1 and process this fraction for Cs. Cesium comparator
samples should have been irradiated, 1f stable Ce is to be determined in
a sample,

12, Gamma~ray energy diecriminetion may be used here.

13. Decay measurements may be followed, 1f required.
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PROCEDURE 2
Procedure Used In: Preparation of ra-dd.oactivé tracers
Method: Precipitation
e 86
Element Separated: Kb ~ (19.5 4).
Type Material Bormbarded: Bismuth

Type of Nuclear Bombardment: 184" cyclotron (388-Mev alphas; 348-Mev protons;
194-Mev deuterops)

Procedure By: Goeckermenn (Reported by Meinke('eo))
Separation Time: Several hours '
Chemical Yield of Carrier: -~ 30%

Decontamination: 103

Eﬁ_uipment Required: BStandard
* Procedure :

1.. To aliquot of HNO, solution of target, add 20 mg Rb and Ca and 5 ml

3
conc. HC10,. Eveporate to fuming, cool, transfer to centrifuge tu'be'w-;th.
15 ml absolute EtOH. Cool in ice bath 10 min. with stirrlﬁg. * Wash ppt

“twice with 10 ml absolute EtCH. .

2. Dissolve in dilute HC1l and scavenge with Te, Ru, Sn, Sb, a.nd.Ag
sulfides (2 mg each) by adding H,8..

3. Scavenge with Ni, pptn of Ia, Ce, Y, Zr, and Cb (2 mg each).

4. Scavenge with Sr and Ba carbonates (4 mg).

5. .Acidify with HC1l, repeat (2).

6. Repeat (3).

'7. Scavenge with Ia(OE)3.

8. Scavenge with Sr and Ba carbonates and ¥, Zr, and Cb hydroxides.

'9. Acidify with ECL, evaporate to dryness in a Pt dish, destroy NE,CL

by adding a feﬁ drops HFO, and baking carefully (do not overheat or Cs may

3
. be lost).

10. Dissolve in e minimm of H,0, transfer to & come and centrifuge
out any residue, evaporate to dryness in the cone. Add 6 ml H’ZP';C:LG and
6 ml EtOH, wash Rb and Cs chloroplatinates with EtOH.

11. Dissolve in HCl and repeat Te sulfide scavenging.

12, Repeat NE3 pptn of Ia and Fe hydroxides.
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PROCEDURE 2 (Continued)

13. Repeat Sr and Ba carbonate scavenge.

14k. Acidify with HNO_, add HC1l, evaporate to drynesse, bake off emmonium

3)
salts carefully agaln.

15. CB - Take up residue in 20 ml 6 N HC1, edd 1 ml sllicotungstic acld
polution and digest., (Save this supernate for Kb fraction).

16. Hb - Ppt s Cs silicotungstete scavenge from the supernate saved.
Evaporate until crystallizatlon beglns, add H2Pt016 and EtOH, filter, wash

with EtOH, dry 10 minutes at 110° c. Weigh as R'b2P'b016 (33.9 mg per 10 mg Rb).

PROCEDURE 3
Procedure Used In: Preparation of redicactive tracers

Method: Precipitation

Element Separated: Rb86 (19.5 4)

Type Material Bombarded: NH)Br

Type of Nuclear Bombardment: LO-140 Mev alphas
Procedure By: Karraker (Reported by Mein.ke(ao).-)
Separation Time: ~ 30 minutes

Chemical Yield of Carrier: ~ L0%
Decontamination: 102

Equipment Required: Standard

Procedure :

1. I\IE[h_Br in porcelain crucible, add a few drops of dilute HCl, then
heat strongly 1n hood, using burmer, NHh_Br sublimes off, Kr activities
evaporate. Continue heating until no more solid is visible. Wash crucible
with a small amount of dilute HZNO3. (For mass spectrographic purposes,
this 1s sufficiently pure).

2. Add ebout 1 mg Rb carrier, and scavenge the solution with few mg
of Te(OH),, MgCO;, AgCl, and any sulfide. This, practically speaking,

removes all impurities except alkalis.
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. PROCEDURE 4

Procedure Used In: Preparation of radicactive tracers
Method: Precipltation

Element Separsted: Rb86 (19.5 4)

Type Materiel Bombarded: 8rl0), (tracer or with 50 microgrsms of carrier)
in 10 M HCloh.'

Type of Analysls: Milking Experiment
Procedure By: Castner (Reported by Meinke(ao))
Separation Time: 20 mirmtes
Chemical ﬁeld of Carrle.: ~ 50%
Decontamination: ILess thAn 2% Sr carried along
Equipment Requlred: Standard
Procedure:
1. Solution is heated in boiling E,0. (Solution volume = 1 ml.)
50 p gos RbNO3 are added. Stir.
2. Cool in ice bath and let stand for 5 mimutes. Centrifuge and
remove supernatant for later milking. (The RbCth my' be dissolved in
any solution if heated.)
3. Add 250 A\ saturated Na2020h solution, snd heat until ju.at dissolved.
L. Add 50 p gme Sr'T solution and centrifuge the ppt while the solution

1s stlll hot.

5. 'The supernstant.containing the Rb is then removed.

PROCEDURE 5

Procedure Used In: Separation of Rb86

from fission product mixtures
Method: Precipitation )
Element Seperated: Rb86 (19.5 a)

Type Materlal Bombarded: Uranium

Type of Nuclear Bombardment: =n,fission
Procedure By: Stanley (Reported by Kleinberg(el))
Separation Time: Several hours

Chemical Yield of Carrier: Quantitative
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PROCEDURE 5 (Continued)

Decontaminations Radiochemically purity possible
Equipment Required: SW
Procedure: ]
1. Pipet 5 ml of the Kb carrier solution into a 125-ml Erlenmeyer flask.

" Add the sample and then 5 ml of conc. HNO_ and 8 ml of T0% HC10,. Add 4 drops

3
each of Ba and Sr holdback carriers. Boll the solution to dense, white fumes,
cool to room temperature, end transfer to a 40-ml conical centrifuge tube with
20 ml of absolute ethanol. Cool in an ice bath for 10 min. and centrifuge
(Note 1). Wash the RbCth precipitate twice with 10-ml portions of absolute
ethanol, discarding the washings.

2. Dissolve the RbClOu in 10 ml of H20 by heating nearly to bolling.
Add L drops of Fe carrier and 2 drops of phepolphthalein indicator solution.
Add 6 M NH)OH until the solution is baslec. Centrifuge and transfer the
supernate to another. centrlfuge tube, discarding the preclpitate. Repeat the
Fe(OE)3 precipitation two additional times.

3. To the supernate add 1 ml of Ba carrier and 4 drops of Sr carrier.
Add 1 ml of 2 M Na.2003 and centrifuge. Transfer the superna.te; into another
centrifuge tube which contains 1 ml of Ba ‘carrier and 4 drope of Sr carrier.
Centrifuge and decant into a 125-ml Erlenmeyer flask, discarding the
precipitate. _

L, Ada 2 drops of 6 M RaOH and heat to boiling. Make certain that
all the NH, is boiled out end add 5 ml of 6 M HNO

3 3
Boil to white fumes, cool to room temperatu.re; and transfer to a centrifuge

and 8 ml of BC1O), .

tube with 20 ml of absolute ethanol. Cool in an ice bath for 10 min and
centrifuge , decanting the supernate into running H20. Wash the RbClOILI_
precipitate twice with 10-ml portlons of absolute ethanol.

5. Dissolve the RbCth in 7 ml of 1120 and add 1 ml of Cs carrler solution.

Heat nearly to boilling end add 3 ml of BiI_-HI reagent. Cool in an ice bath

3
and centrifuge the C53}31219 precipitate. Decant the supernate into another -

centrifuge tube and discard the precipitate. Add 1 ml of BiI.-HI reagent,

; 3
héat neerly to boiling, and edd 1 ml of Cs carrier. Cool in an ice bath and
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PROCEDURE 5 (Continued)

centrifuge. Repeat four additional timee for a ‘total of six preclpitations
of Cs3131219. Before the final centrifugation, add a drop or two of aerosol
solution. Decant the final supernate into a 125-ml Erlemmeyer flask.

6. Boll the solution nearly to dryness. Add 2 ml of conc. HNO, and boil
off the 12 which forms. Boll the solution to dryness and add 5 ml of conc.
HCl. . Boll again to dryness e.nd agaln add 5 ml of conc., HCl. Boil to dryness.
Add 1 ml of conc. HCl and transfer to a centrifuge tube with 20 ml of HEO'
Precipitate 31253 by passing in st gas. Add a drop of aerosol and centrifuge.
Decant the supernate into a 125-ml Erlenmeyer flesk end discard the precipitate.

7. Add 5 ml of conc. HCl and boll out the HES' Add 5 ml of cone.

ENO3 and 8 ml of HCth_ and boil to dense, white fumes. Cgol to room
temperature and transefer to a centrifuge tube with 20 ml of absolute
ethenol. Cool in en ice bath for 10 min. and centrifuge. Pour the -
supernate into running HEO. Wesh the precipitate twlce with 10-ml
portions of a'bs_olute ethanol.

8. Add to the precipitate of RbCth_, 15 ml of SnClh_ reagent. Heat
on a steam bath for a few minutes, stirring occasionally to insure con-
version of the RbCth to Rb25n016. Centrifuge and discard the supernate.

9. Dissolve the Rb23n016 in 20 ml of H20 by heating. Pass in

st to precipitate Snsz. Centrifuge and decant the supermate into a

125-ml Erlermeyer flask, discarding the precipltate. Add 5 ml of conc.
HCl apnd boll nearly to dryness. Transfer to a centrifuge tube with 5 ml
of H20 and agaln pass in H23. Centrifuge and transfer the supernate to e
125-ml Erlenmeyer flask.

~10. To the supernate add 5 ml of conc. HC1 a.nd_'boil out the HES. Add

5 ml ot conc. ENO_ and 8 ml of HClOLL and boil to dense, white fumes. Cool

3
to room temperature and trensfer to a centrlfuge tube with 20 ml of absolute
ethanol. Cool in an.ice bath for 10 min. and centrifuge. Discard the
supernate in running HZO.

11. To the preciplitate add 5 ml of saturated sodium hydrogen tartrate

and about 250 mg of solid sodium hydrogen tartrate. Heat untll solution
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PROCEDURE 5 (Continued)

occurs. Cool to room temperature and allow to stand for 1/2 hour. Centrifuge
and discard the supernate.

12. Dissolve the precipitate by heating with 5 ml of H20 and transfer to
a 125-ml Erlemmeyer flaskf' A4 10 ml of conc. HCl, 5 ml of conc, HN03, and 8 m.
of HCth. Werm and set on a steam bath for a few minutes. Boil until
the NO, fumes disappear and add a few drops of mvo3 (Note 2). Boil
until dense, vwhite fumes appear, and cool to room temperature. Transfer
to a centrifuge tube with 20 ml of absolute ethanol and cool for 10 min.
in an ice bath. Centrifuge and discerd the supernate into rumning Hzo;
Wash twice with 10-ml portions of absolute ethanol.

13. .Dissolve the RbCth by heating with 5 ml of H20 and transfer
to & 125-ml Erlenmeyer flask. Boll out the ethanol end add 5 ml of comc.
HNO3 and 8 ml of HCth. Boll until dense, white fumes eppear. Cool to
room.temperature and transfer to a centrifugg tube with 20 ml of absolute
ethanol. Cool for 10 min. in an ice bath and centrifuge, pourlng the_.
supernate into running 320. Waqh twice with 10-ml portions of absolute
ethanol (Note 3). Slurry the precipitate in 5 ml of absolute ethanol.and
filter on a welghed Whatman L2 filtér pﬁper disk, 7/8" diameter, using a
ground-off Hirsch funnel and a filter chimney. Wash down the'sidgs of
the -funne] with small i)ortiohs of absolute ethanol. Dry at 110° C for

15 min., cool for 10 min., and weigh. Mount end count immediately (Note k).

1. If it is necessary to save this supernate for recovery of uranium,
pour into 50 ml of H20 in a beaker and set aslide. Otherwise, pour immediately
into running H20 to decompose the explosive ethyl perchlorate which will have
formed.

2. This is a step requiring considerable caution. The tartrate occaslon-
ally does not decompose until it 1s in the hot HClOu golution in which case
there 1s danger of explosion. If the solution suddenly turms black during

hesting, quickly edd 1 to 2 ml of conc. HNO, to oxidize the organic material.

3
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PROCEDURE 5 (Continued)

3.- The RbCI0) precipitate must ‘be washed thoroughly with ethanol
to remove HCth_. I this_ 18 not done, the filter paper will char on

4, sSince 19.7 4 Rb86 is a shielded isotope formed in very low yleld,
the counts wlll be very low. Therefore, a low background counter 1s

recommended.

PROCEDURE 6

Procedure Used In: Radiocactivation anelysis
Method: Precipitation .
Element Separated: Rst (19.5 4)
Type Materisl Bombarded: Water o)
Type of Kuclear Bombardment: 11\:86(11,7)1\198'8
Procedure By: Blanchard, Leddicotte, and Moeller( o)
Separation Time: BSeversl hours
Chemicel Yield of Carrier: 60-70%
Equipment Needed: Standard '
Procedure:

1. 30 mls of water wae placed in a polyethylene bottle and irradiated

2 n/cmz/sec .

for 16 hours in a flux of 6.5 x 10

2. If any specific element, such as rubldium, 1s to be analyzed
quantitatively, & known smount of Rb2003 1s irrediated along with the water
sample. The standard is processed 1n the same manner sz the unknown sample.

3. The radiochemical separation is cerried out as outlined in "The
Chemical Separation Scheme" attached.

4. The rubidium is found in the last step (Part II of the "Scheme")
as the Soluble Group along with sodium, potassium, and ceslum. Because of
the Naal" (15 4) gammes, & further sepa_ration of these elements are

made by forming the perchlorates end dissolving the sodium perchlorate in a
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PROCEDURE 6 (Continued)

mixture of butyl alcohol and ethyl acetate, Rubidium and
potassium perchlorates are lnsoluble under these conditions.

5. The redioactivity of eilther the "Soluble Group" or the insoluble
perchlorates 18 analyzed by gamma scintilietion s_péctrometry. _Kl"2 decays
with gamme radiations of 1.51 Mev and a half-life of 12.8 h; R'b86 decays
with gamma radietions of 1.054 Mev (Note 1).

6. Following the radioectivity measurements, correct the obeerved
Rb86 radiocactivity for decay, dilution volume, sample and yleld welghte
for both the sample and standard. A ratlio of these corrected radio-
activities becomes a measurement of the amount of stable rubidium iﬁ

the water sample:

86
Corrected BEb ~ radloactivity in H20 sample X 100
86

Corrected Rb radioactivity in standard semple

% Kb in H,0 sample =

Note:

1. A decay study will assist in resolving the interference of K1L2

86.

in the measurement of Rb

Chemlcal Separetion Scheme

1) Add the radioactive semple to a 50 milliliter centrifuge tube. Aerate to rewove rdi.oacﬁve gases,
Acidify with HEOs and sdd C1, Br, I, Cu, As, Fe, Y, Co, Mn, Zn, Ba, Sr, Ce, Ha, end K carriers.
Precipitate C1, Br, and I vith slight excess of Ag., Heat to cosgulsta the precipitate. Centrifuge.

) Precipitate: 3) Bupernate: Adjust acidity to 0.5 H ACl. Beturate with HeS. OCenmtrifuge.

T
Agr.’ vasn’' 4) preciptate: 5) te: Transfer to besker. Add 1 m} conc. HC1l. -Bodil umtdil
with vater, Cud + AsgBa. wtion is clear. Oxldize Pet* to Fe'™* by boiling vith HHOs.
filter, Wash wvith Coal salution snd make 1:1 vith oonc. HCl. EBeutralire with conec.
mount and. vater, HH(OH to precipitate hydroxide. Cemtrifuge. )
count, filter - -
nu:u;nm-.etha Bourt, and 6) Precipitate: 7) Bupernate: Saturate with HaS. Gentrimp
as oount. To + ¥
BILVER Designate hylroxldes.  g) precipitate: 9) te: Acidify palution vith
GHOUF . & the Wash with % to remove HgS. AAd
A . water, Zos. Wash (ME{ )oH(FOs) and en excess of
SULFIDE filter, with vater, MH(OH. Digest. Cemtrifuge.
GROUP. _namt and filter,
Rigwa Dot Epes W ppme
ocunt. ions.
as the Designate phosphates. Designate as
HYDROXTDE as the Hl-lh, iter, the BOLUBLE
GROUP. BASTC mant, and GROOP.
BULFIIR count.
GROOP. . Designate as
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PROCEDURE T
Procedure Used In: Raediocactivation analysis
Method: Ion Exchange (a carrier separntion)
Element Separeted: 6 (19.5 4)
Type Material Analyzed: Rocks, Minerals, and He'beorites(e.?'w)
Type Nuclear Bombardment: Ro02(n, 7)RbOC
Procedure By: Cabell and &m.lea(87)
Separation Time: Several hours
Chemical Yield of Carrier: GQuantitative
Decontemination: Excellent from redionuclides of Na, K, and Cs.
Equipment Required: "Ion exchange columns
Procedure :

A. Irradiation of Sample Material

1. Irradiate known amounts of test (Hote 1) and comparator samples (Note 2)
in a neutron flux (Note 3). Prepare the test and camparator samples for the

i1rrediation, placing each specimen in a sealed silica tube,

B. Preparation of Irradlated Materials for Analysis

1. After the irradiation, add the sample to a mixture of RhCl (4O mgs)
in e platinum erucible and cover with 45 g of !a.202. Heat the crucible
for 1 hour at |+70° C. Cool, then dissolve sinter in small emount of water.
Then add 2 ml of a ferric chloride and 6 M FaOH dropwise until ferric hydro-
xide preciplitates. Centrifuge; discard ppt.

2. To the superpatant liquid add sufficient acetlc acid to acldify it;
then, add 10 ml of 10% sodium cobaltinitrite solution. Digest the mixture
for 5 minutes in an ice bath. Cemtrifuge; discard the supernatant liquid. .

3. Dissolve the cobaltinitrate precipitate in 2 ml of 1:1 Bma.
BEvaporate to dryness, M, dissolve the residue in 5 ml and transfer
the solution to the top of an lon-exchange colum (Hotes 4 snd 5).

Then continue with Step 1 of Part C below.

C. Ion Exchange Separation of Rubidium

1. Connect the ion-exchange column +to a reservoir (Wote 6) that

contains a supply of 0.1 M HCl. Adjust the flow rate so that the eluate
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PROCEDURE 7 (Continued)

flows from thé column at the rate of 2.5 ml per mlnute.

2. Continue the flow of the 0.1 M HCl through the colummn and collect
and discard the first 700 ml of eluate that passes through the column
(Hote 7).

3. Allow the flow of the eluate to continue untll an additional 100
ml has been collected in a second collection vessel. Process this fraction
of the eluate as instructed in Step 1 of Part D belcw.'

4. If cesium is not to be determined, stop the flow of eluate from

the column after this collection (Note 8).

D. Preparation of Rb86 Eluate for Radioactivity Assay

1. Eveporate to dryness the solution that wes collected in Step 3 of
Part C above, Dilssolve the resid.ue-in we.ter, make the solution alkeline
wlith NaOH, neutralize with alkali-metal cobaltinitrite. Collect the precipi-
tate by filtratlon.

2. Dissolve cobaltinitrite precipitate in HNO Then add ethanol and

3
a solution of hexachloroplatinic acid. Wash the hexachloroplatinic acid
precipitate; transfer to a weighed counting tray and then dry under en

infrared lemp and weigh.

E. Measurement of R'b86 Redioactivity and Calculation of

Stable Rubldium Content of Test Sample

1. The Rb86 radiocactivity in both the test and comparator samples may

be aseayed by beta counting. Use e Gelger-Mueller counter for the beta

measurements.

2. Followlng the radicactivity measurements, correct the observed

Rb86 radiocactivity for decay, dilution volume(s), and the sample weights

(or volumes) of both the test and comparator samples. A simple ratio of
these corrected radloactivities becomes a measurement of the amount of

stable rubidium in the test sample:
Corrected Rb86 radiocactivity in Test Sample
% Fb in Test Semple= B - X 100
Corrected Rb  radicactivity in Comparator Sample
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PROCEDURE 7 (Continued)

1l. Use at least 0.0l to 6.25 gram portions. -

2. Use from 0.10 to 0.20 gram of rubidium chloride solution.

3. In this instance, the "self-serve" or "rabbit" positions of the
Harwell Pile are used for perioda up to 4 weeks.

4. The ion exchange column is composed of "normal" grade Zeo-Karb 315
ion exchange resin packed into a glass column 3.8 cm in diameter and 100 cm
long. A small glass wool plug at the base of the columm .holds the resin in
the column. The resin 1s pretree.tedl with a solution of 3.0 M HCl. The
treatment consists of pesasing 24 liters of 3.0 M HC1l solution over the
column to convert it to the hydrogen form.

5. Use water as a rinse and for transfer to the columm. Use separate
columns for the test and compe.ra_:tor samples.

6. A dispensing bottle iz suita'ble for use as a reservoir. Tygon
or rubber tubing mey be used to connect the reservolr to fhe column.

T. This eluate volume may contaln radiocactive anionic constituents

as well as separated Na.eh (15 h) and ]{LL2 radloactivity; the presence of

these should not be confl;l.sed with R’b86 which is eluted later.

8. If Cs 1s to be determined, continue as follows. Strip the
column with at leaat 150 ml of 1 N HCl and process this fraction for Ca.
Ceslum comparator samples should have been irradlated, 1f steble Cs 1is to be

determined in a sample.
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PROCEDURE 8
Procedure Used In: Radiocactivetion analysis
Method: Precipitation
Element Separated: I{ba6

Type Material Bombarded: Alkali metals,(56) meta1 saits, (%) sodium-
potassium a.].'l.oys,(go) and sea vuter(gl)

Type Buclear Bombardhemt: Rbo(m,y)RboP
Procedure By: Gmles and -Salmon(5%)
Separation Time: A few hours

Chemical Yleld of Carrier: mmtihﬁw
Pquipment Needed: Standard |
Procedure:

A. Irradiation of Sample Material

1. Each sample wvas irradiated for periods between a few hours and
2 days in the Harwell reactor. Portions of & rubidium salt wvas used as
a standard.

B. Radliochemical Beparation of I!l.'.\a6

1. After the irradiation, dissolve sample in a mineral acid (HCl) in
the presence of 50 mg of Kb carrier. Add ferric chloride (in molution) and
6 M NeOH solution. Centrifuge and discard the precipitate.

2. Acidify the supernatant liguid with glacial acetic acid and add
an excess of 10% aguecus sodium cobaltinitrite. Mix well.

3. Then centrifuge the slurry. Discard the supernatant liquid. Va.sh-
the precipitate 3 times with water. Discard the washes after centrifuging.

4. Dissolve the cobaltinitrite precipitate in 1:1 ENO3; boil, then
cool ‘and add 15 ml of ethanol. Precipitate rubldium chloroplatinate by
the sddition of 1 ml of 10% w/v platimm chloride solution. ~Centrifuge;
discard the supernatant 1iquid.

5. T;-a.nsfer the chloroplatinate precipitate to a counting tray,
dry under an infrared lamp. Cool and welgh.

6. The Fb comparator is carried through the same procedure as each
test sample.
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PROCEDURE 8 (Continued)

C. Measurement of Rb86 Radloactivity

1. The activity of the Rb86 may be measured by beta counting. Use
a Gelger-Mueller counter for beta measurements.

2. Following the radioactivity measurements, correct. the R'bes activity
for decay, dilutlon volume, and sample and yleld weilghts for both the
test and comparator samples. A ratio of these corrected redioactivities
becomes a measurement of the stable rubidium in the sample:

Corrected R'b86 in Mg sample
% Rb in ple = Corrected R'b86 in stendard sample

X 100
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